Sickle cell disease (SCD) is an inherited condition characterized by chronic haemolytic anaemia. SCD is associated with moderate to severe anaemia, hypercoagulable state and inconsistent platelet count and function. However, studies have yielded conflicting results with regards to the effect of anaemia on coagulation in SCD. The purpose of this study was to determine the effect of anaemia severity on selected coagulation parameters of SCD patients. Four milliters of venous blood samples were taken from the participants (SCD and non-SCD patients) and used for analysis of full blood count and coagulation parameters. Data was analyzed using SPSS version-16. From the results, it was seen that individuals with SCD had a prolonged mean PT, APTT and high platelet count compared to the controls. There was also significant difference in the mean PT (p=0.039), APTT (p=0.041) and platelet count (p=0.010) in HbSS participants with severe anaemia. Mean APTT also showed significant difference (p=0.044) with severe anaemia in HbSC participants. It can be concluded that SCD patients have prolonged PT, APTT and increased platelet count which might predispose them to bleeding episodes and thrombocytosis. Significant difference was also seen between severity of anaemia and mean PT, APTT and platelet count in HbSS individuals.
Introduction
Sickle cell disease (SCD) is a hereditary blood disorder characterized by chronic haemolytic anaemia. The clinical manifestations arise from the tendency of abnormal Haemoglobin-S (HbS) to polymerize and deform red blood cells (RBCs) into a characteristic sickle shape [1] . It is an autosomal recessive disease caused by a point mutation in haemoglobin (Hb) by the substitution of valine for glutamic acid at position 6 of the beta (β) -globin chain found on chromosome 11 [2] . Sickle cell disease denotes all entities associated with sickling of Hb and is categorized into; the homozygous form Haemoglobin SS (HbSS) also known as sickle cell anaemia (SCA) and the compound coagulation. While some say anaemia predisposes one to hypercoagulability, others say it predisposes an individual to excessive bleeding. Since SCD patients are known to show varying degrees of anaemia, it would be important to determine the effect of severity of anaemia on their coagulation pattern which is the aim of this study. The outcome will add to the knowledge on coagulopathy found in SCD based on the degree of anaemia and may help improve management of individuals with the disease.
Materials and Methods
2.1 Ethics approval and consent to participate All subjects gave their informed consent for inclusion before they participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the School of Biomedical and Allied Health Sciences, University of Ghana (Project identification code: ET./10334520/AA/1A/2013-2014).
Participant Recruitment
During recruitment of the participants, it was ensured that no participant was on anticoagulant medications, have had recent blood transfusions, had known liver disease that would affect production of clotting factors and known renal failure that would affect haematocrit. Finally individuals on medications such as hydroxyurea that could lower the platelet count were excluded from the study.
Sample Collection and Processing
Four milliliters (4 mL) of venous blood sample was taken from the anticubital fossa of the participants. 2.2 mL was dispensed into Ethylene-Diamine Tetra-acetic Acid (EDTA) tube and 1.8 mL into a sodium citrate tube and swirled gently to enable appropriate mixing of anticoagulant with blood. The blood samples were then transferred to the laboratory for analysis.
Sample Analysis
The laboratory investigation carried out included; Full Blood Count for Hb and platelets, Coagulation Studies (APTT and PT) and Hb Electrophoresis for confirmation of Hb genotype status.
Full Blood Count (FBC)
The FBC analysis was done using ABX Micros ES 60 Haematology Analyzer following the manufacturer's principle (Horiba Medical, Kyoto, Japan). Haemoglobin concentration and platelet count was obtained from the FBC.
Coagulation Analyses
Activated Partial Thromboplastin Test (APTT) and Prothrombin Test (PT) were done using a coagulation auto analyzer (AC-2005, Guangzhou, China). Reagents used were manufactured by cypress diagnostics and the principle for the test obtained from an insert in the reagent.
Principle for APTT The reagent is cephalin, a brain lipid extract that performs as a platelet substitute. Micronized silica is used as an activator of the factors XI and XII. When these reagents and calcium chloride are added to citrated plasma, the factors of the intrinsic coagulation pathway are activated; the time for the plasma to clot is then measured.
Principle for PT When citrated plasma is recalcified in the presence of a high concentration of tissue factor reagent (tissue thromboplastin), the factors of the extrinsic coagulation pathway are activated; the time for the plasma to clot is then measured.
Haemoglobin Electrophoresis
Haemoglobin electrophoresis was done on the sample using cellulose acetate membrane at Ph 8.5. The principle and procedure for Hb electrophoresis were followed as previously described by Dacie & lewis (2012) [28] .
Data Analysis
Data was analyzed using SPSS version 16 (New York, USA). Descriptive variables were presented in frequencies, percentages, means and standard deviation. ANOVA was used to check if there was a significant difference between the mean APTT, PT and platelet count of patients and controls. Also, to check if there was a significant difference between the various categories of Anaemia and mean PT, APTT and platelet count on patients with SCD. Post hoc analysis was done to ascertain the differences in means between the cases and controls. Significant was at P<0.05
Results
A total of two hundred and thirty-two (232) participants were used in this study out of which 161 formed the study group and 71 the control group. By way of gender, 112 (48.3%) were males and 120 (51.7%) females. The mean age was 23.63±2.92 years for those with HbAA; 25.93±10.96 years for HbSS and 35.56±15.72 years for HbSC. Clinical variables obtained also indicated that more number of the HbSS participants showed pallor, and also get pain crisis, fatigued, dactylitis and frequent infection than those with Hb SC and Hb AA (table 1). The various categories of anaemia within the different genotypes of the cases were compared with the coagulation parameters. It was seen that there was a significant difference between the mean PT, APTT and platelet count and severe anaemia within participants with HbSS (p=0.039, p=0.041 and p=0.01). There was also significance between the mean platelet count and moderate anaemia. However, no significant difference was seen when PT, APTT and platelet count results were compared with the other anaemia categories. Similar comparison was done with participants with HbSC and only APTT showed significant difference in participants with severe anaemia (table 3) . When Post-hoc analysis was done, the study showed significant differences in the mean levels of the parameters measured between the cases and controls. However, there was no significant mean difference in the APTT of patients with HbSS and HbSC (table 4) . 
Discussion
This study was done to check the mean PT, APTT and platelet count of individuals with sickle cell disease (SCD -HbSS and HbSC) and without (HbAA) in relation to the degree of anaemia seen in them. The study comprised of 232 participants out of which 161 were patients with SCD and form the cases. These were further divided into 95 (m=34, f=61) HbSS and 66 (m=25, f=41) HbSC. The control group were made up of 71 (m=53, f=18) participants with HbAA. Clinical findings indicated that a substantial number of those with HbSS had pallor appearance, get pain crisis, fatigued, dactylitis and frequent infections as compared with those with HbSC and HbAA. Again the results obtained from the study found three categories of Anaemia (severe, moderate and mild) among the participants. In this regard, a higher number of HbSS participants presented with severe anaemia more than the other study groups. Generally, participants with HbSS had lower Hb levels when compared to HbSC and HbAA participants. This was due to the chronic haemolysis, aplastic crisis as well as a possible blood loss in haematuria associated with SCD [29] . It therefore implies that the rate of RBC destruction is very high in SCD and hence contributes to the lower levels of RBC and other RBC indices including Hb.
With coagulopathy, the study found that individuals with SCD had a prolonged mean PT, APTT and high platelet count when compared to controls with normal Haemoglobin (HbAA). The finding of prolonged PT and APTT among the SCD participants could be as a result of reported decrease in the plasma levels of factor V, total factor VII, and factor VII zymogen in SCD patients [30, 31, 32] . This was in line with a study by Buseri et al., (2006) that found the mean PT in HbSS patients to be significantly higher than the mean PT value in HbAA control subjects [33] . The mean platelet count in this study which was significantly higher in the SCD participants compared to the HbAA controls is in keeping with earlier reports of elevated platelet count in SCD, which was attributed to the auto-splenectomy and/or loss of splenic function that frequently occurs in SCD patients [34] . However, the auto-splenectomy and / or loss of splenic function is lower in HbSC patients compared to HbSS patients and this may explain why the mean platelets in the HbSC participants was lower than that of HbSS patients, but was higher than the mean counts for HbAA controls [35, 36] . This suggests that though splenic function may be better preserved in HbSC patients than HbSS patients; it was still impaired compared to HbAA controls.
The categories of anaemia detected were compared with the coagulation parameters measured and it was seen that there was significant difference in the mean PT (p=0.039), mean APTT (p=0.041) and mean platelets (p=0.010) against severe anaemia among HbSS subjects. Only mean APTT showed significant difference (p=0.044) with severe anaemia among HbSC participants. These findings are in keeping with findings by Chinawa et al., (2013) and Nilesh et al. (2014) who reported of a prolonged mean APTT and PT in HbSS patients when they were compared with controls with normal Haemoglobin [19, 37] . Similarly, Raffini et al., (2006) also found a prolonged PT and APTT in SCD patients with HbSS in comparison to the controls with HbAA [38] . The increase in APTT and PT might have resulted from defective liver due to blockage by sickle cells as they traverses the capillary as seen in the study by Raffini et al., (2006) where they reported hepatic dysfunction amongst SCD patients. Since most of the coagulation factors are synthesized in the liver, a defective liver might result in decrease synthesis and as such may result in coagulopathy [38] . Decreased synthesis and increased consumption of coagulation factors was also observed by Wright et al., (1997) and Raffini et al., (2006) where the increased consumption was thought to be caused by the hypercoagulability seen in SCD patients [20, 38] .
The increased in platelet count observed in this study is also in line with the findings of the studies of Akinbami et al., (2012), Chinawa et al., (2013) and Francis, (1991) where they collectively revealed an increase in platelet count when SCD patients with HbSS were compared with control with HbAA [7, 19, 39] . The increase in platelet count may be as a result of functional asplenia with a decrease in platelet pooling in the splenic population as postulated by Ataga & Orringer, (2003) [40] . Another finding of the study was that the severity of anaemia had more effect on platelet count of patients with HbSS as significant difference was seen with both severe and moderate anaemia (p=0.010 and 0.025 respectively). There was however no significant difference between the degrees of anaemia and platelets in patients with HbSC. This finding might have been as a result of difference in clinical severity seen in patients with HbSS as compared to patients with HbSC whereby the possible reduction of splenic sequestration of platelets or absence of spleen resulting in hyposplenism is more pronounced in HbSS than HbSC patients [34] . In this case, the decrease in platelets in HbSC individuals may not be as pronounced as that which will be seen in HbSS individuals. This fact is supported by a study by Westerman et al., (1999) where they established that significant differences in coagulation measurement between HbSS and HbSC diseases are consistent with differences in clinical severity between the diseases [41] .
The study also found that 70.52% of patients with HbSS had their platelet count above the normal range as compared to 36.92% of patients with HbSC meaning a higher percentage of HbSC participants fell into the normal range with regards to platelet count. Specifically, the HbSS participants with moderate anaemia had the highest amount of platelets followed by those with severe anaemia and then mild anaemia. With HbSC individuals, those with moderate anaemia had the highest platelet count followed by mild anaemia and severe anaemia. Practically, more females had higher platelet count in relation to haemoglobin concentration than males but the study did not look at the effect of gender on haemoglobin which can be said to be a limitation [42] .
Conclusions
This study found that SCD patients have prolonged APTT, PT and an increased platelet count compared to non-SCD individuals which might predispose them to bleeding and thrombocytosis.
Significant difference was found between severe anaemia and the mean PT, mean APTT and mean platelet count presupposing that a lower haemoglobin level might lead to an increase in platelet count and prolonged PT and APTT in SCD patients particularly those with HbSS. It can therefore be concluded that individuals with SCD have prolonged PT, APTT and increased platelet count. This study has therefore thrown more light on the coagulation pattern seen in SCD patients by showing that a significant difference exists between PT, APTT and platelets in HbSS patients compared to HbSC patients and HbAA controls. Elongated PT, APTT and increased platelets may subsequently play a role in SCD complications. The findings also suggest that HbSC is not merely a milder form of HbSS and as such both diseases should be seen as different entities with regards to approaches for treatment and management.
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